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has been studied by metal distribution measurements. The optimum extraction conditions were
determined from a critical study of effects of pH, sodium succinate concentration and 2-octylami-
nopyridine concentration. The probable composition of the species has been deduced from log–log
plots. The extraction reaction proceeds with ion-pair formation and the stoichiometry of extracted
species was found to be [(2OAPH+)2 Hg(Succinate)2
2](org). The method has been used to separate
mercury(II) from commonly associated elements. The method has been further extended to separate
and to estimate mercury in synthetic mixtures and real samples.
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Mercury is the only common metal liquid at ordinary tempera-
ture. It only rarely occurs freely in nature. The chief ore is cinna-
bar (HgS). Spain and Italy produce about 50% of the worldly
supply of themetal (Lide, 1998). Themetal is widely used in lab-
oratory work for making thermometers, barometers, diffusionpumps, and many other instruments. It is used in making
mercury vapor lamps and advertising signs, etc. and is used in
mercury switches and other electrical apparatuses. Other uses
are inmaking pesticides, mercury cells for caustic soda and chlo-
rine production, dental preparations, antifouling paints, batter-
ies and catalysts. Mercury is a virulent poison. The sources of
mercury pollution come from industrial efﬂuents and sewage
sludge related to chlor-alkali industry. Thus control and re-
moval of mercury from waste streams assume paramount
importance. Now-a-days hydrometallurgical routes employing
solvent extraction techniques are being considered as economic
alternatives for mercury(II) recovery from industrial wastes
(Francis et al., 2002).
The extraction and determination of mercury(II) by using
highmolecularweight amines (HMWAs) is well known but little
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by tertiary amines trioctyl methyl ammonium chloride (aliquat
336) is the efﬁcient anion exchanger for mercury(II) in halide
media (de Mendonca and Borges, 2007; Larson and Wiencek,
1992) and in silver nitrate media (Cote et al., 1992). A working
procedure for the selective separation of mercury(II) from
Zn(II), Cd(II), Ni(II), Cu(II), Co(II) Bi(III) andMn(II) was de-
scribed using aliquat 336-S (Shivade and Shinde, 1981) from
acetic acid solution. The extraction of mercury(II) from hydro-
chloric acid solutions by trioctylamine (TOA) and trioctyl
methyl ammonium chloride (TOMAC) (Sato et al., 1992,
2001a,b) has been investigated under different conditions. From
the results it was found that the extraction efﬁciency for mer-
cury(II) was in the order (TOMAC) > (TOA). The complex
formation equilibriumwas studied in mercury(II)-penicillamine
(Szalai and Paal, 1999) system in acidic and neutral condition. A
selective method for the extraction and separation of milligram
amounts of mercury(II) from hydrochloric acid solution with
amberlite LA-1 (De et al., 1984) in chloroform was proposed.
N-octyl methane sulfonamide (OMSA) (Bicak et al., 2003) has
been applied as an efﬁcient extractant for mercury(II) from
aqueous solutions. By this method there was incomplete extrac-
tion of mercury(II) (82.2%).
Ligands such as 1-(2-pyridylazo)-2-naphthol (PAN) (Zhefeng
and Xuejuan, 2008), 1-phenyl-3-hydroxy-4-dodecyldithiocarb-
oxylate-5-pyrazolene (HDIC12) (Alfonso et al.,2002, 2003) were
used for liquid–liquid extraction and separation ofmercury(II).A
xylene solution of bis-2-ethylhexyl sulfoxide (B2EHSO), di n-
octylsulfoxide (DOSO) and di-ph-sulfoxide (DPhSO) (Francis
et al., 2001) was used for liquid–liquid extraction of mercury(II)
fromacidic chloride solution.The developedmethodhasbeen ap-
plied for the recovery ofmercury from the brine-sludge of a chlor-
alkali plant.
Thiosubstituted organophosphoric acid extractants,
bis(2,4,4-trimethyl pentyl) monothiophosphinic acid (cyanex
302) and bis(2,4,4-trimethylpentyl) dithiophosphinic acid (cya-
nex 301) (Francis and Reddy, 2003) dissolved in kerosene,
were used for the selective extraction of mercury(II) from
hydrochloric acid media. The extraction of mercury(II) from
dilute hydrochloric acid solution has been investigated using
cyanex 923 in xylene (Meera et al., 2001). The developed
extraction procedure has been explored for the recovery of
mercury(II) from the brine-sludge of chlor-alkali industry.
Liquid–liquid extraction of mercury(II) from hydrochloric
acid solutions by tri-butyl phosphate (TBP) (Sato et al., 2002)
in benzene has been investigated under different conditions.
The mercury(II) from the organic phase was determined by
Raman spectroscopy. A benzene solution of trioctyl phosphine
oxide (Sato et al., 2001a,b) was used for the extraction and
determination of mercury(II) from hydrochloric acid and nitric
acid media. Phosphorus containing ionic liquid, 1-alkyl-3-
methylimidazolium hexaﬂuoro phosphonate (Raimondo
et al., 2007) was used as an extractant and diluent itself for li-
quid–liquid extraction of mercury(II). The partition of metal
ion was strongly dependent both on alkyl chain length of the
imidazolium ring and on the working temperature.
The extractive properties of 18 membered oxygen, nitrogen
and sulfur containing macro cyclic ligands (Cipurkovic et al.,
2004) e.g., 18-crown-6 for mercury(II) showed that the order
of the mercury(II) extraction efﬁciency was 18N6 < 18C6
< 18S6. Liquid–liquid extraction behaviors of calix [n] arene
and crown ether (Reddy and Francis, 2001) were investigated.It was observed that calix [6] arene, calix [4] arene dissolved in
chloroform were better extractants for mercury(II) in picrate
solution.
Homogeneous liquid extraction with perﬂuorooctanate ion
(PFOA) was used for the preconcentration of mercury(II)
using diethyldithiocarbamate, 1,10-phenanthroline and desfer-
rioxamine B as chelating agents (Shukuro et al., 2000). By using
these chelating agents together, mercury(II) and about 15 metal
ions were simultaneously extracted and determined. An ionic li-
quid 1-butyl-3-trimethyl-silylimidazolium hexaﬂuorophos-
phate [(C4tmsim) (PF6)] was used for liquid–liquid extraction
of inorganic mercury with o-carboxyphenyldiazoamino-p-azo-
benzene (CDAA) (Zaijun et al., 2007). An accelerated solvent
extraction technique was employed for the extraction of mer-
cury(II) from its 50% acetic acid in methanol solution using
dimethylarsinic acid (DMA) (Wahlen and Catterick, 2004) as
an extractant. The extracted species were analyzed by GC/
ICPMS and LC/ICPMS.
A polyamide compound membrane having a benzo-18-
crown-6 moiety was used for extraction separation and
determination of mercury(II) (Tapia et al., 2007). A sup-
ported liquid membrane (SLM) loaded with a suitable
extractant was employed for liquid–liquid extraction and
transport of mercury(II). The extractant used for the trans-
port of mercury(II) was n-benzoyl-N0,N0-diheptadecylthiou-
rea (Fontas et al., 2005). Kinetic study of transport of
mercury(II) through a bulk liquid membrane (BLM) con-
taining ester derivative of bis-calix [4] arene (Alpaydin
et al., 2004) as a carrier was studied.
In view of all the above, separation and determination of
mercury(II) have been receiving considerable attention by
researchers. We report herein a simple and selective extraction
procedure for mercury(II) with 2-OAP. The method permits
the separation of mercury(II) from other toxic metals and
has been used to separate and determine mercury(II) in alloys,
ores and pharmaceutical samples.2. Experimental
2.1. Apparatus
An Elico digital pH meter model. LI-120 was used for pH mea-
surement. Tapson’s analytical single pan balance model 200 T
having an accuracy of 0.001 g was used for weighing opera-
tions. An Elico digital spectrophotometer model SL-172 with
1 cm quartz cells was used for absorbance measurement.
2.2. Reagents
2.2.1. Mercury(II) solution
A standard stock solution of mercury(II) (5 mg mL1) was
prepared by dissolving 6.765 g of A.R. grade (BDH) mercuric
chloride in 5 mL concentrated hydrochloric acid and diluted to
1000 mL with distilled water and standardized complexometri-
cally (Welchar, 1958). The working solution was prepared by
appropriate dilution of the stock solution with distilled water.
2.2.2. EDTA solution (0.01 M)
A standard solution of EDTA (disodium salt) was prepared by
dissolving 3.722 g of disodium salt of EDTA (BDH) in
1000 mL distilled water.
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Figure 1 Extraction of Hg(II) as a function of pH.
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Figure 2 Extraction behavior of Hg(II) as a function of 2-OAP
concentration.
48 C.P. Mane et al.2.2.3. Magnesium sulfate solution (0.01 M)
Itwaspreparedbydissolving2.44 gofARgrade (Loba)magnesium
sulfate octahydrate (MgSO4Æ8H2O) in 1000 mL distilled water.
2.2.4. Buffer solution (pH –10)
It was prepared by dissolving 70 g of A.R. grade ammonium
chloride (s.d. ﬁne) in 568 mL concentrated liquor ammonia
and diluting the solution to 1000 mL with distilled water.
2.2.5. 2-Octylaminopyridine (2-OAP) solution
A 0.036 M solution of 2-octylaminopyridine (Borshch and
Petrukhin, 1978) was prepared by dissolving in chloroform.
All the standard solutions of metal ions used to study the ef-
fect of diverse ionswere preparedbydissolvingweighedquantity
of their salts in concentratedmineral acids and diluting with dis-
tilled water. Solutions of anions were prepared by dissolving
their respective alkali metal salts in distilled water. Double dis-
tilled water was used throughout the procedure. Analytical
grade chemicals of standard companies, i.e., BDH, Loba, Lan-
caster, s.d. ﬁne, Merck were used wherever necessary.
2.3. General Extraction and determination procedure for
mercury(II)
To a 25 mL aliquot of aqueous solution containing 1 mg of
mercury(II), sodium succinate was added to give 0.007 M con-
centration. The pH was adjusted to 9.5 by hydrochloric acid
and ammonia. The solution was diluted to 25 mL and was
equilibrated with 10 mL of 0.036 M 2-OAP dissolved in chlo-
roform for 5 min. The two phases were allowed to separate
and mercury(II) from the organic phase was back extracted
by 2 M hydrochloric acid (3 · 10 mL). The aqueous phase con-
taining mercury(II) was evaporated to moist dryness. The res-
idue was dissolved in 10 mL concentrated hydrochloric acid,
evaporated to moist dryness and extracted into 25 mL distilled
water. The mercury(II) from the solution was determined by
complexometric titration (Welchar, 1958).
3. Result and discussion
3.1. Extraction as a function of pH
The extraction of mercury(II) was carried out from 0.007 M so-
dium succinate at pH varying from 1 to 10. The extraction starts
at pH 1 (8.6%) and became quantitative between pH 8.3 to 10.0.
This suggests that the equilibrium in the pH range 8.3 to 10 is
favorable for the formation of an ion-pair complex (Fig. 1).How-
ever, pH 9.5 was maintained for further extraction procedure.
3.2. Extraction of mercury(II) as a function of 2-0AP
concentration
Mercury(II) was extracted at pH 9.5 with varying concentra-
tions of 2-octylaminopyridine at constant sodium succinate
concentration (0.007 M). The concentration of 2-OAP varied
from 0.0048 M to 0.4850 M of extractant in chloroform. The
extraction of mercury(II) was quantitative in the range
0.034 M to 0.073 M. With increase in the concentration of
extractant there was decrease in the extraction of mercury(II)
(Fig. 2), it might be due to the dissociation of the complex.
For general extraction procedure 0.036 M 2-OAP in chloro-
form was used as an extractant throughout the work.3.3. Extraction of mercury(II) as a function of weak organic
acid concentration
The extraction of mercury(II) was carried out at pH 9.5 with
0.036 M. 2-OAP in chloroform in the presence of varying con-
centrations of sodium succinate, sodium malonate, sodium
salicylate, sodium oxalate and L-ascorbic acid (Table 1). The
quantitative extraction of mercury(II) occurred in the concen-
tration range 0.007–0.01 M sodium succinate and 0.008–
0.01 M sodium salicylate. With increasing concentration of
sodium succinate as well as sodium salicylate, there was
decrease in the extraction of mercury(II). The decrease in the
extraction at high acid concentration is presumably due to
the preferential formation of the succinate and salicylate of
Table 1 Extraction of mercury(II) as a function of weak organic acid concentration.
Mercury(II) = 1 mg 2-OAP= 0.036 M in chloroform
Aqueous:organic volume ratio = 25:10 pH= 9.5
Equilibrium period = 5 min Strippant = 2 M Hydrochloric acid (3 · 10 mL)
Molarity of acid (M) Succinate Salicylate Malonate Oxalate L-Ascorbic Acid
% E D % E D % E D % E D % E D
0.000 18.0 0.55 18.0 0.55 18.0 0.55 18.0 0.55 18.0 0.55
0.001 26.2 0.89 19.6 0.61 22.9 0.74 45.0 2.05 36.1 1.41
0.002 26.2 0.89 37.7 1.51 50.8 2.58 46.7 2.19 41.0 1.73
0.003 36.0 1.41 52.5 2.76 55.6 4.76 50.0 2.50 49.2 2.42
0.004 55.7 3.15 60.7 3.85 60.7 3.85 53.3 2.86 63.9 4.43
0.005 62.3 4.13 62.3 4.13 75.4 7.66 55.0 3.06 85.3 14.45
0.006 86.9 16.55 77.1 8.39 88.5 19.22 61.7 4.02 88.5 19.28
0.007 100.0a 1 88.5 19.27 96.7 73.72 66.7 5.00 65.6 4.76
0.008 100.0 1 100.0 1 91.8 27.98 78.3 9.04 65.6 4.76
0.009 100.0 1 100.0 1 73.8 7.03 90.0 22.50 54.1 2.95
0.010 100.0 1 100.0 1 73.8 7.03 90.0 22.50 37.7 1.51
0.030 72.1 6.47 77.1 8.39 52.5 2.76 88.3 18.92 32.8 1.22
0.050 39.3 1.62 42.6 1.86 32.8 1.22 83.3 12.47 29.5 1.05
0.070 39.3 1.62 26.2 0.89 41.0 1.73 85.0 14.17 27.9 0.97
0.090 37.7 1.51 24.6 0.82 32.8 1.22 76.7 8.22 27.9 0.97
0.100 34.4 1.31 21.3 0.68 21.3 0.68 61.7 4.03 27.9 0.97
% E= Percentage extraction.
D = Distribution ratio.
a Recommended for general extraction procedure.
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Figure 3 Log–log plot of the distribution ratio, log D[Hg(II)]
versus log C[2-OAP] at pH 6.5 and 7.5.
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range of working conditions, a sodium succinate concentration
of 0.007 M was chosen in all experiments; unless otherwise sta-
ted. Sodium malonate, sodium oxalate and L-ascorbic acid
media bring about the incomplete extraction of mercury(II).
3.4. Inﬂuence of various diluents
Keeping all of the other variables constant, mercury(II) was
extracted with 0.036 M 2-OAP with various diluents. The
extraction was quantitative with chloroform, 1,2-dichloroeth-
ane and benzene as the diluents. It was incomplete with xylene
(70.49%), toluene (63.93%), methyl isobutyl ketone (MIBK)
(68.85%), kerosene (81.96%), n-butanol (86.88%), carbon tet-
ra chloride (52.46%), amyl acetate (37.70%) and amyl alcohol
(44.26%). However, a deﬁnite correlation between diluents
and its dielectric constant could not be established. Consider-
ing several factors like cost, environmental safety aspects,
extraction efﬁciency and better phase separation, chloroform
was preferred as the diluent for further extraction studies.
3.5. Nature of the extracted species
The stoichiometry of extracted species was determined from
the experimental studies using the slope analysis method.
The plots of log D[Hg(II)] against log C[2-OAP] at a ﬁxed sodium
succinate concentration (0.007 M) were found to be linear with
slopes of 2.17 and 2.00 at pH 6.5 and 7.5, respectively (Fig. 3).
In addition, plots of log D[Hg(II)] against log C[sodium succinate] at
a ﬁxed 2-OAP concentration (0.036 M) were linear with slope
values of 2.06 and 1.98 at pH 6.5 and 7.5, respectively (Fig. 4).
Thus, the probable composition of the extracted species was
1:2:2 (metal: acid: extractant).2-Octylaminopyridine exists in diprotonated species only in
higher hydrochloric acid concentration. However, during
extraction from weakly acidic solution there is existence of
Slope = 2.06
Slope = 1.98
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Figure 4 Log–log plot of the distribution ratio, log D[Hg(II)]
versus log C[sodium siccinate] at pH 6.5 and 7.5.
50 C.P. Mane et al.monoprotonated form of 2-OAP. It is known that the amino
group nitrogen in the 2-OAP molecule has weak basic proper-
ties (secondary amino group). The basicity of the hetero nitro-
gen atom on contrary increases due to the ring structure
(Morrison and Freiser, 1966). The addition of second proton
to 2-OAP molecule is possible evidently in a very acidic med-
ium. Hence as the extraction of mercury(II) was carried out
at pH 9.5 from weak organic acid (sodium succinate) there
would be existence of monoprotonated species. The extraction
of mercury(II) from succinate media takes place via anionTable 2 Extraction of mercury(II) as a function of strippants.
Mercury(II) = 1 mg
2-OAP= 0.036 M in chloroform
pH= 9.5
Molarity of Strippant HCl % R HNO3 % R
0.1 45.90 30.00
0.3 45.90 33.33
0.5 47.54 46.67
0.7 49.18 50.00
0.9 55.73 100
1 91.80 100
2 100a 88.33
3 75.41 58.33
4 60.65 53.33
5 50.81 53.33
Strippant
Water
Acetate buﬀer (pH 4.8)
% R= percentage extraction.
a Recommended for general extraction procedure.exchange mechanism. Hence the probable extraction mecha-
nism is given as:
½2-OAPðorgÞ þHþ  ½2-OAPHþðorgÞ ð1Þ
HgðIIÞ þ 2 succinate2  ½HgðsuccinateÞ22  ð2Þ
½2-OAPHþðorgÞ
þ ½HgðsuccinateÞ22   ½ð2-OAPHþÞ2HgðsuccinateÞ22 ðorgÞ
ð3Þ3.6. Effect of equilibrium period
An aliquot of mercury(II) having 0.007 M sodium succinate
concentration and pH 9.5 in 25 mL volume was equilibrated
with 10 mL 0.036 M 2-OAP in chloroform for a period be-
tween 30 s and 20 min. The extraction of mercury(II) was
found to be quantitative in the range 3–6 min. With further in-
crease in the equilibration period, there was decrease in the
percentage extraction due to dissociation of the ion-pair com-
plex with more agitation. In the present work, 5 min equilib-
rium time was recommended in order to ensure the complete
extraction of mercury(II).
3.7. Loading capacity of 2-OAP on extraction of mercury(II)
Varying concentration of mercury(II) (0.5–10 mg) was ex-
tracted with 10 mL 0.036 M 2-OAP in chloroform from
0.007 M sodium succinate medium at pH 9.5. It was observed
that the extraction of mercury(II) was quantitative up to 2 mg
at 300 K.
3.8. Effect of stripping agents
The back extraction of mercury(II) from the organic phase was
examined using different stripping agents such as mineral acids
and weak organic acid. Experiments were carried out usingSodium succinate = 0.007 M
Equilibrium period = 5 min
Aqueous: organic volume ratio = 25:10
H2SO4 % R HClO4 % R CH3COOH % R
40.90 26.23 47.54
45.91 31.14 49.18
50.82 37.70 49.18
65.57 36.07 55.74
78.69 27.86 93.93
78.69 22.95 57.38
57.38 47.54 55.74
39.34 65.57 54.02
39.34 78.68 47.54
39.34 78.68 47.54
% R
68.9
59.3
Extraction and separation of mercury(II) from succinate media with high molecular weight amine as an extractant 511 mg mercury(II) and the resulting ion-pair complex was equil-
ibrated for 5 min. with three 10 mL portions of different
strengths of strippants. The amount of mercury(II) stripped
from the organic phase was determined by complexometric
titration. The recovery of mercury(II) was found to be com-
plete with hydrochloric acid (1.7–2.3 M) and nitric acid (0.9–
1 M). Sulfuric acid, perchloric acid, acetic acid, water and ace-
tate buffer (pH 4.7) gave incomplete recovery of mercury(II)
(Table 2). Though nitric acid gives quantitative recovery of
mercury(II), it was not used as a strippant because it produced
harmful effects during the evaporation of aqueous phase.
Hence 2 M hydrochloric acid (3 · 10 mL) was used as a strip-
pant for quantitative recovery of mercury(II).3.9. Extraction of mercury(II) as a function of aqueous to
organic volume ratio
The results of contacting different volume ratios of aqueous to
organic phase were investigated. The study indicated that the
preferred aqueous to organic (A/O) phase ratio is 5:1 or less.
This is evident from the sharp increase in the separation efﬁ-
ciency as well as the distribution ratio of mercury(II) when
phase ratio (A/O) was changed from 20:1 to 5:1. This may sim-
ply be due to the non-availability of the reagent for metal
extraction. However, in the recommended procedure the phase
ratio was maintained at 2.5:1 in order to avoid the large con-
sumption of sodium succinate.
3.10. Effect of foreign ions
Mercury(II) was extracted in the presence of other ions
(Table 3). The tolerance limit was set as the amount of foreignTable 3 Effect of foreign ions on the extraction of 1 mg
mercury(II) at pH 9.5 from 0.007 M sodium succinate with
0.036 M 2-OAP in chloroform.
Foreign ion Tolerance
limit (mg)
Foreign ion Tolerance
limit (mg)
V(V) 1 Te(IV) 15
Cr(III) 25 Mg(II) 10
Cr(VI) 25 Ca(II) 15
Mn(II) 15 Sr(II) 15
Mn(VII) 15 Ba(II) 3
Fe II) 15 Fluoride 1
Fe(III) 10 Bromide 25
Co(II)a 1 Iodide 3
Cu(II) 5 Nitrate 100
Zn(II) 25 Nitrite 100
Cd(II) 15 Thiocyanate 100
Pb(II)a 1 Thiosulfate 50
Sb(III) 3 Thiourea 100
Bi(III) 1 Phosphate 25
Sn(II) 10 Sulfate 100
Sn(IV) 5 Citrate 25
Al(III) 3 Tartarate 5.0
Ga(III) 5 Ascorbate 1.0
In(III) 10 Malonate 25
Tl(I) 15 Salicylate 1
Se(III) 25 Oxalate 1
Acetate 25
a Masked by 50 mg thiosulfate.ion required to cause ± 2% error in the recovery of
mercury(II). It was observed that the method was free from
interference from a large number of cations and anions. The
only species and cations showing interference in the procedure
were EDTA, Pb(II), Ni(II) and Co(II). However, the interfer-
ence of Pb(II) and Co(II) was eliminated by masking with
50 mg thiosulfate.4. Applications
4.1. Separation and determination of mercury(II) from binary
mixtures
The suitability of the above developed method was examined
by applying it to the separation and determination of mer-
cury(II) in a variety of binary mixtures containing toxic metal
cations. The separation of mercury(II) from Pb(II), Zn(II),
Tl(I), Cr(VI), Sb(III), Cd(II) and Bi(III) from mercury(II)
was carried out by taking advantage of the difference in the
extraction conditions of metal ions (Table 4).
4.1.1. Separation of mercury(II) from Zn(II), Tl(I), Cr(VI),
Sb(III)
Mercury(II) was separated from binary mixtures of Zn(II),
Tl(I), Cr(VI) and Sb(III) by its extraction with 10 mL of
0.036 M 2-OAP in chloroform from 0.007 M sodium succinate
at pH 9.5 for Zn(II), Tl(I) and Cr(VI) and at pH 10 for Sb(III).
Under these conditions, the added metal ion remained quanti-
tatively in the aqueous phase while mercury(II) was extracted
in the organic phase. The aqueous phase was washed with
5 mL chloroform to remove trace of the reagent. It was evap-
orated to moist dryness with 10 mL concentrated hydrochloric
acid. The residue was dissolved in distilled water and diluted to
25 mL. The metal ions from aqueous solution were determined
by standard methods (Welchar, 1958; Vogel, 1975; Flaschka
and Barnard, 1972). Mercury(II) from the organic phase was
stripped with (3 · 10 mL) 2 M hydrochloric acid and estimated
titrimetrically by the recommended procedure.
4.1.2. Separation of mercury(II) from Cd(II), Bi(III)
Mercury(II) was separated from binary mixtures of Cd(II) and
Bi(III) by its extraction with 10 mL 0.036 M 2-OAP in chloro-
form from 0.007 M sodium succinate at pH 9.5. Under these
conditions the addedmetal ions partially were co-extracted with
mercury(II) in the organic phase. Hence separation of these me-
tal ions can be achieved by using the masking agents. Cad-
mium(II) was masked with 25 mg thiocyanate while Bi(III)
was masked by 50 mg thiourea, so that the added metal ions re-
mained in the aqueous phase while mercury(II) was extracted in
the organic phase. The aqueous phase was washed with 5 mL
chloroform. It was evaporated to moist dryness with 2 mL of
perchloric acid to demask the complex, the procedure was re-
peated thrice. In case of Bi(III), the residue was dissolved in
3 mL concentrated nitric acid, evaporated to moist dryness, dis-
solved in distilled water and diluted to 25 mL. The pH of the
solution was adjusted to 2.5 and Bi(III) from the solution was
determined by complexometric method (Welchar, 1958; Vogel,
1975). The residue containing Cd(II) was dissolved in 5 mL con-
centrated hydrochloric acid, evaporated to moist dryness, the
residue was dissolved in distilled water and diluted to 25 mL.
The Cd(II) from the solution was determined by the standard
Table 4 Separation of mercury(II) from binary mixtures.
Metal ion Amount (mg) Recoverya (%) R.S.D. (%)
Hg(II) 1 100.0 0.0
Zn(II) 0.5 99.2 0.8
Hg(II) 1 99.3 0.7
Cd(II)b 1 99.0 1.0
Hg(II) 1 100.0 0.0
Tl(I) 1 99.3 0.7
Hg(II) 1 100.0 0.0
Bi(III)c 1 99.3 0.7
Hg(II) 1 99.5 0.5
Cr(VI) 1 99.8 0.2
Hg(II)d 1 99.7 0.3
Pb(II) 1 99.7 0.3
Hg(II) 1 99.3 0.7
Sb(III) 0.5 99.3 0.7
a Average of six determinations.
b Masked by 25 mg SCN-.
c Masked by 50 mg thiourea.
d Hg(II) reduced to Hg(I) by 0.5 M hydroxyl amine hydrochloride
before extraction.
52 C.P. Mane et al.method (Welchar, 1958; Vogel, 1975). Mercury(II) from the or-
ganic phase was back extracted with 2 M hydrochloric acid
(3 · 10 mL) and determined by recommended method.
4.1.3. Separation of mercury(II) from Pb(II)
Mercury(II) and lead(II) were extracted from 0.007 M sodium
succinate at pH 9.5 with 0.036 M 2-OAP in chloroform in the
presence of 0.02 M hydroxylamine hydrochloride as a reducing
agent to convert Hg(II) to Hg(I). In the presence of Pb(II),Table 5 Separation and determination of mercury(II) from ternary
Metal ion Amount (mg) % Recovery a
Hg(II) b 1 99.4
Pb(II) 1 98.9
Zn(II) 0.5 98.8
Hg(II) b 1 100.0
Pb(II) 1 99.8
Tl(I) 1 98.8
Hg(II) b 1 99.6
Pb(II) 1 99.4
Sb(III) 0.5 98.8
Hg(II) b 0.100 99.5
Pb(II) 0.050 100.0
Cr(VI) 0.025 99.2
a Average of six determinations.
b Hg(II) reduced to Hg(I) by 0.5 M hydroxyl amine hydrochloride befo
Table 6 Analysis of mercury(II) from ayurvedic medicines.
Medicine Amount of mer
found by AAS
Chandrakala Rasa (Ayurveda Rasashala, Pune) 28.74
Mahawat Vidhvhans Rasa
(Ayurvidya Arka Shala, Satara)
128.8
Shwas Kuthar (Bharadwaj Pvt. Ltd., Amrutsar.) 28.80
Smruti Sagar Rasa (Bharadwaj Pvt. Ltd., Amrutsar.) 463.9
a Average of six determinations.there was incomplete extraction of mercury(II) but quantitative
extraction of mercury(I) was observed. Lead(II) was back ex-
tracted from the organic phase by 0.4 M acetic acid
(3 · 10 mL) and was determined by the standard method
(Welchar, 1958; Vogel, 1975). While mercury(I) remained
quantitatively in the organic phase it was converted into mer-
cury(II) with bromine water (5 mL) by warming in water bath.
Then it was back stripped with 2 M hydrochloric acid
(3 · 10 mL) and determined by the recommended method.
4.2. Separation and determination of mercury(II) from ternary
mixtures containing toxic and associated metals
The ternary mixtures of Hg(II) Pb(II) and Zn(II), Hg(II) Pb(II)
and Tl(I), Hg(II) Pb(II) and Sb(III), Hg(II) Pb(II) and Cr(VI)
were resolved by the recommended procedure of mercury(II)
(Table 5). Under the optimum extraction conditions of mer-
cury(II), Pb(II) was quantitatively co-extracted into the organ-
ic phase along with mercury(II). The separation of mercury(II)
from Pb(II) was achieved by use of different stripping agents
and reduction of mercury(II) to mercury(I) as given in binary
mixture separation. Zn(II), Tl(I), Sb(III) and Cr(VI) remained
unextracted in the aqueous phase which were determined by
standard methods (Welchar, 1958; Vogel, 1975; Flaschka and
Barnard, 1972).
4.3. Validity of method: analysis of mercury(II) from ayurvedic
samples
The validity of the above developed method was examined by
applying it to the analysis of mercury(II) present in realmixtures.
Estimation procedure R.S.D. (%)
EDTA 0.6
EDTA 1.1
EDTA 1.2
EDTA 0.0
EDTA 0.2
EDTA 1.2
EDTA 0.4
EDTA 0.6
Spectrophotometry KI 1.2
Spectrophotometry PAR 0.5
Spectrophotometry PAR 0.0
Spectrophotometry PAR 0.8
re extraction.
cury(II)
(mg/lit)
Amount of mercury(II)
found by proposed
method (mg/lit)
Recoverya (%) R.S.D. (%)
28.57 99.4 0.6
127.83 99.3 0.7
28.36 98.5 1.5
458.70 98.9 1.1
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was employed for the analysis of mercury(II) in ayurvedic sam-
ples like Chandrakala Rasa, Mahawat Vidhvhans Rasa, Shwas
Kuthar, and Smruti Sagar Rasa. An aliquot of the pharmaceu-
tical samples was treated with minimum quantity of aqua
regia. The solution was evaporated to moist dryness and the
procedure was repeated thrice; it was cooled, the residue was
dissolved in distilled water, ﬁltered through Whatman ﬁlter pa-
per no.1. The ﬁltrate was diluted to 100 mL and was used as a
sample solution for the extraction procedure and analysis of
mercury(II). The results obtained were in close agreement with
those of the values obtained by the AAS method (Table 6).
5. Conclusions
The important features of the method described here are:
(I) It permits selective separation of mercury(II) from other
toxic metal ions such as Cd(II), Pb(II), Zn(II), Sb(III),
Sn(IV), Tl(I), and Cr(VI).
(II) Low reagent concentration is required for quantitative
recovery of mercury(II) (0.036 M).
(III) It is free from interference of large number of foreign
ions which are commonly associated with mercury(II)
in its natural occurrence.
(IV) 2-OAP extracts mercury(II) in chloroform from sodium
succinate media by anion exchange mechanism in which
a complex of stoichiometric formula [(2-OAPH+)2
Hg(succinate)2
2]org is formed.
(V) It is applicable to the analysis of mercury(II) in synthetic
mixtures, real samples etc.
(VI) The developed method is very simple, selective, repro-
ducible and rapid, requires less time for separation and
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